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Raja and Thomas, Chem. Commun. 1999, pp.

1841-1842,

have reported that dodecane can be partially oxidized

with oxygen in an autoclave to produce dodecanol and a

variety of oxygenated products. In the reported process,

15 selectivity to dodecanol was about 35%. Because of the

existence of a variety of oxygenated products, the

separation of the dodecanol from the oxygenated products

will be difficult even with an additional separation

step.

20 In addition, the reaction of aliphatics and oxidants

can be highly exothermic. Expensive, complex system

designs may be reguired to handle the excess heat. The

expense of such reactions is further increased by coke

formation from the decomposition products formed at such

25 high temperatures. In addition, the coked catalyst must

be regenerated at frequent intervals.

Hydroxylated aliphatic compounds of commercial

importance are alcohols of saturated or unsaturated,

aliphatic compounds. Alcohols of these compounds are used

30 in making detergents, soaps, surfactants, and freeze
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having in the éggggugéogkghtgn oxidation catalyst and an oxidant under
conditions effective to hydroxylate said aliphatic

15 compound thereby producing a hydroxylated product, while
maintaining at least a portion of said aliphatic compound
in a liquid phase;

continuously separating said hydroxylated product
from the un-reacted aliphatic compound in the

20 distillation zone under conditions effective to vaporize
said un-reacted aliphatic compound and maintain said
hydroxylated product in a liquid phase; and

recovering the said separated hydroxylated product
from the distillation column reactor.

25 Figure 1 is a schematic representation of one
embodiment of the present invention using a distillation
column reactor.

The present invention relates to a process for the
direct hydroxylation of saturated or unsaturated,

30 aliphatic compounds (“feedstocks”), particularly,
feedstocks containing olefinic and/or paraffinic
compounds, preferably having in the range from 6 to
30 carbon atoms, under catalytic distillation conditions.
A portion of such feedstock is maintained in a liquid

35 phase. The feedstock is hydroxylated by an oxidant in the
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temperatures and heat management maximize the catalyst

15 life by reducing and in some cases preventing catalyst
coking.

Aliphatic compounds that can be used as a feedstock
can be saéurated or unsaturated, linear, branched or
cyclic. One aliphatic compound or a mixture of aliphatic

20 compounds can be used as feedstock. The feedstock
aliphatic compounds, preferably have carbon atom numbers
in the range of 6 to 30. The aliphatic compounds, for
example, can be paraffins, olefins, acetylenes,
alicyclics, aldehydes, ketones, and alcohols, optionally

25 substituted with halogens, aromatics, epoxides, nitriles
and/or (additional) carbonyl groups. Although, the
aliphatic compounds can contain aromatic rings, the
hydroxylation does not occur at the aromatic ring
carbons. Preferred feedstocks include, for example,

30 paraffins and/or olefins, more preferably having average
carbon numbers in the range of 10-18 and alkylbenzenes
having average carbon numbers in the range of 16-20. An
especially preferred feedstock contains a mixture of

saturated aliphatic compounds comprising a major amount
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hydr oi soneri sed,
from a Fischer-Tropsch process or from an ethylene

oligomerisation process (a composition which comprises

15 predominantly linear paraffins). Linear paraffins
obtained in a Fischer-Tropsch synthesis are particularly
preferred because Fischer-Tropsch products are generally
very low in their content of sulphur and nitrogen and
they are cost effective. A Fisher-Tropsch process

20 catalytically hydrogenates CO to produce compositions
containing aliphatic molecular chains (aliphatic
compounds) . The Fischer-Tropsch products may or may not
comprise oxygenates. The product obtained from the
Fischer-Tropsch process can be hydroisomerised,

25 hydrocracked and/or fractionated, for example, by
distillation or otherwise, in order to isolate a
paraffinic product of the desired composition as the
aliphatic compound useful for the process of the
invention. In a preferred embodiment aliphatic compound

30 is provided from a stream obtained from a Fischer-Tropsch
process further treated in a hydroisomerization and/or
hydrocracking process. Such a hydroisomerisation process
and/or subsequent separation are known, for example from
US-A-5,866,748 and US-B-6,184,431, which are incorporated

35 herein by reference.
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hydroxylated product being removed from a catalytic zone
as it is formed. Removal of the hydroxylated product
15 minimizes side reactions and decomposition of the
hydroxylated product.
The distillation zone of the reactor is maintained at
a temperature and a pressure sufficient to maintain any
un-reacted aliphatic compound that travels from the
20 catalytic zone to the distillation zone in the vapour
phase, preferably at or above the boiling point of the
aliphatic compound at a given pressure and a temperature
that is below the boiling point of the hydroxylated
product at the given pressure. The un-reacted aliphatic
25 compound that travels from the catalytic zone to the
distillation zone eventually reaches a point in the
reactor where it boils, and as a result, the temperature
of the reactor is controlled by the boiling point of the
aliphatic compound at the system pressure. The exothermic
30 heat of the hydroxylation reaction will vaporize a
portion of the un-reacted liquid aliphatic compound but
will not increase the temperature in the reactor. The
hydroxylation reaction has an increased driving force

because the hydroxylated product is removed and cannot

35 contribute to a reverse reaction.
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15 aliphatic react to form hydroxylated product. The
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”

zone,” is defined as the portion of the reactor adapted
to separate the hydroxylated product from the un-reacted
aliphatic compound. Preferably the distillation zone is a

20 conventional fractionation column design, preferably
integral with and downstream of the reaction zone.

The hydroxylated product has a higher boiling point
than the oxidant and the un-reacted compound, and is
separated from un-reacted aliphatic compound in the

25 distillation zone of the reactor. The temperature along
the reactor will vary depending upon the reactants and
the products. The highest temperature will be in the
bottom of the reactor, in the distillation zone, and the
temperature along the column will be the boiling point of

30 the composition at that point in the column under a given
pressure. The reactor preferably is operated at a
temperature and a pressure effective to vaporize the un-
reacted aliphatic compound as it approaches the
distillation zone of the reactor while maintaining the

35 hydroxylated product in the liquid phase. The oxidant
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liquid phase and vapour phase system while avoiding
15 continual contact between the catalyst, the reactants,
and the products.

A number of possible catalytic distillation reactor
configurations are useful with the present invention,
including but not limited to an upflow reactor, a

20 downflow reactor, and a horizontal flow reactor. The
reactor contains a reaction or catalytic zone sized to
accommodate a fixed catalyst bed and a distillation zone
designed to separate the hydroxylated product from un-
reacted materials. The distillation zone is integral with

25 the reaction or catalytic zones. Examples of catalytic
distillation reactoxrs that can be used are found in
U.S. Patent Nos. 5,476,978; 5,262,576; 5,176,883;
5,243,115; 5,321,181; 5,345,006; 5,215,725; 5,770,782;
5,446,223; and 5,190,904, which are hereby incorporated

30 by reference. Specific catalytic distillation column
design and process conditions will vary depending upon
the reactants used. The design temperature and pressure
can be adjusted based on the properties of the reactants
including the aliphatic compound and the oxidant, to

35 effectively hydroxylate the aliphatic compound and to
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from the column above the catalytié zone and can contain

15 a mixture consisting mostly of oxidant and a small amount
of un-reacted compound. The oxidant preferably is
separated from the un-reacted compound by conventional
means and recycled as makeup.

Suitable oxidation catalysts are those that will

20 catalyzed the hydroxylation of the aliphatic compound in
the presence of an oxidant. Oxidation catalysts that can
be used include but are not necessarily limited to
catalysts comprising molecular sieves (molecular sieve
catalysts), including zeolites and non-zeolite materials

25 and mixtures thereof.

The preferred zeolite catalysts contain one or more
modified zeolites preferably in the acidic form. These
zeolites should contain pore dimensions large enough to
admit the entry of the aliphatic compounds. The preferred

30 zeolites include, for example, zeolites of the structural
types MFI (e.g., ZSM-5 ), MEL(e.g., 7ZSM-11), FER (e.g.,
ferrierite and 2SM-35), FAU (e.g., zeolite Y), BEA (e.g.,
beta) ,MFS (e.g., ZSM-57), NES (e.g. NU-87), MOR (e.g.
mordenite) ,CHA (e.g., chabazite), MIT (e.g., ZSM-23),

35 MWW (e.g., MCM-22 and SSZ-25), EUO (e.g. EU-1, ZSM-50,



10 below the catalyst. Any un-reacted aliphatic conpound is either
w thdrawn fromthe colum once it |eaves the catalytic zone, preferably as

a vapour, waydl/sssapl i ed as  nakeup or allowed to reflux. Themawveibead is
wi t hdrawn fromthe col umm above the catal ytic zone and can contain 15 a

m xture consi st jng @pgtby of y gt aB?f?e%%Eeﬁfo Whée o u§§¥635 Oaagund

conpound. The oxi dant fera "separ at af-fe
by conventlonalZeﬁéahgsaﬁaQréeyEE@dZasM@Mkéﬁp MMt abl @sHxidat sen-84at al ysts

|
are those that gg%|3§0aﬁét9 gi?geghgah¥gggél5%?:%%ygg?iﬁ§§?spgﬂﬁFscﬁHChbe

conpound'in the presence 6Fan oxi
used incl ude buasaréonOEXampéesazebyltenPSHGBtOTheabakMstarémﬂﬁypébnand

nol ecul Si eve | ecul ar _sieve sts ncludln zeolites and

non- zeo?%te natg?%ggencgg éﬁd%ﬁl FMP%@ 8r8 ft ?heaﬁF8g§rFeal%E%F|F@n

catal ysts contabe boendr inothe nnduésedfzzebuﬁee peehetabkyT{pethe acidic
e di_nmensions | arge enough to admt

h | d
Iﬁenengrssgf t heP %fbﬁ§?$g°80ﬁﬁgaﬁ erFEFBFF86636°§@6F?%%§ PhcEkhae,

for exanple, zeohtéesabiohhe sébm@t@rﬁbsob136§oﬂf| E? U:M. 4’MSr) D1,
MEL(e. g., ZSN@l&% FEEN% ferrlerlte and ZSN@S FAU (e.g., zeolite
Y), BEA (e.g 3R sCl% Reeryemey) p t)erwwmhte g.

nor deniitee) CHA (€1 Semahabeght€) , rMETsdE- egljmtl%ﬂ\/* W\%g%g MM 22
and SSZ-25), EUO (e.g. EU-1, ZSM50, 8 WD 01/81284 PCT/ EPOL and

TPZ-3), OFF (e.®'S SPFFerFia}lymrveisaple Zemni2yohpdt Iebbinesiomali,
| TQ 2, MCM 56, bﬁ$44§nd2§&&é§ M§§§13éo p§§§t§? anﬂgéﬁfgféﬁﬁ %$UC¥H‘Xed

crystalline phases such as, exanp zeolite ur al
types and 5 ref&tehtes 19 @h@rxyh@hesn@ ot unfeovai i busteeohit esagan

contain trace amounts of boron from raw materials without
15 on purpose adding boron sources to enrich boron content.
The zeolite catalyst preferably comprises at least
one metal selected from the group consisting of
ruthenium, rhodium, iron, magnesium, cobalt, copper,
titanium, and iridium, preferably from about 0.01 wt.% to
20 about 5 wt.%, most preferably from about 0.1 wt.% to
about 1.5 wt.%. The metal can be incorporated into the
catalyst by any means known to those skilled in the art
for incorporating metals into zeolites such as, by ion
exchange, impregnation, co-mulling, physical admixing or
25 during synthesis of the catalyst. In a preferred
embodiment, the zeolite catalyst contains an amount of
iron, preferably up to about 5 wt.$%, more preferably from
about 0.01 wt.% to about 1.5 wt.%. Additional examples of
zeolite catalysts that can be used can be found in
30 U.S. Patent Nos. 5,762,777; 5,808,167; 5,110,995;
5,874,646; 4,826,667; 4,439,409; 4,954,325; 5,236,575;
5,362,697; 5,827,491; 5,958,370; 4,016,245; 4,251,499;
4,795,623; 4,942,027 and WO99/35087, which are hereby

incorporated by reference.



be found in the "Atlas of Zeolite Structure Types" (published on behal f of
the Structure Comm ssion of the International Zeolite Association), by

WM Meiewo @@/ghss O son and Ch. Baerl ocher, publi s_hed by megrommsm 10
Hei nemann, fourth revised edition, 1996. Such zeolites are com*rer cially

avai l abl e from Zeolyst- ie%f{@f‘é'r%‘f%culéf'l ?13\993 Exxon HI}%F b GO Lfgcte' ggn

More preferably, the zeolite is a cr I ne al un no
contain trace a‘?@WEZ@ftfb@rlmﬁdmwria*ammoérahilsha\timmPréﬁeDfe@wﬁmse

ddi bor on r t zeoll al yst

gr e:‘ Q?abloy co?rpoir%(gggt%? rﬁ%%és(‘f:@%%g %2?9%{1? E}lir]];‘;le)%:tc fr%n‘f?eh Jg?%i}bd%gﬁ%’?sti ng
of ruthenium ammwmne¢©$§amme31Medobalmlcbﬁ@@@mus gé/lmzamgm and

di fer ,001vvt o010 20, about 5 5. nost

;J:Ief Ietjglnbl SrfGr orﬁp%%%%étgé@l \%)P%P ) ot 11C% ‘i’z\}fum}nl{‘ﬁ‘é ThRLEE be

i ncorporated i ntgRRdes) Ccartahayzsttuzbeys aﬂyefr@@ﬂ5c<kzﬁ@ﬁwsirﬁgbtrﬁ@l§£1§kﬂﬂéh@dafé‘ the
pr egnat | on. | COSRITT reE FoRS cats S F7 ofe D ot | eyt S o of the
catal yst. In a preferred m@trﬁ)nd) n@cm,t v} h@n,ZQ@d;} teu caltJaI ysitd RNt affissan

anount of iro referably u bout 5 wt nor e pref erably from about
0.01 W %to afdti Hy%twc%/}é‘sﬁcﬁm o’h]ali’oe%a?ﬁm%% S vidd} |3 ef ket gt et t hat

can beilpsed carnctie Aound pré%QnaH;eS id13d epd i MNOSre ) 4881 [Fifni 8%%191’@3 s
5, 110, 995; 5, 874, 646 4,826, 667; 4,439, 40§N94 54 325; 5%% *

5.362 697: 5, 82X AI-LanyeE iy ghe il 10 pa 5t rom Ao d) - 0Q11 795, %623 about

4,942,027 and W935087 pubi citiare LY. . 4 NGoTRANAL ol Dy of erenge.
01/ 81284 PCT/ EPO1/ 04854 Non zeolitic nolecul ar sieves al so nay be used to

catal yze the hy&draAEtndRIHO did pHeen sshawefter redimoiylate dodecene to
dodecanol using air as the oxidant as described in Chemn.

15 Commun. 1999, pp. 1841-1842, which is incorporated by
reference herein. Alternatively, the transition metal may
be incorporated into the framework of the catalyst after
synthesis of the catalyst using known means including but
not necessarily limited to ion exchange, impregnation,

20 co-mulling, and physical admixing. Additional examples of
non-zeolitic molecular sieves that can be used and their
methods of preparation can be found in U.S. Patent
Nos. 4,683,217 and 4,758,419; European patent nos.

EP 0 043 562, EP 0 158 976; J. Phys. Chem. 1990, vol. 94,

25 pp. 6425-6464, and pp. 6431-6435.

Other non-zeolite catalysts which can be used in the
present invention include vanadium-peroxide complexes
formed by using hydroguinones to produce peroxide
species, which are transferred to the vanadium complexes.

30 The vanadium-peroxide complexes can be used to
hydroxylate aliphatic compounds. A description of this
method can be found in U.S. Patent 5,912,391,
incorporated by reference herein.

Any suitable oxidant may be used. Examples of

35 preferred oxidants (oxidizing gases) include but are not

10



zeolitic nolecular sieves that can be used include but are not necessarily
limted to m croporous alum nium5 phosphates (ALPO s) or silica alum nium

phosphat eqyo (1B3ARY s) or m xtures thereof conprising netal $diaior i
capabl e of being oxidized and reduced, such as the preferred netals, Co,

vV, M, My, Cu, Ji M- cat al ys consi st _of ALPOQ s or SAPO s
with a fracti ong%%e%%%ﬁgyﬁﬂg?g% ogé)hal%{%aéf%%ss %)é%%%’ r 8PYETRBY AuFi ngnd
synthesis by anixbmsesidnenecsl ©6nyhicionnaboots 0olddeW sYetpeabguly 0.6

wt .o, preferabl . % ut_ 0.4 wt.% A M- containing ALPO has
been sE\own to h%%ér)%%/jf%\%'e %‘Ibg]é%g%e&t%de djo%le%a%%?y%é?%‘g %ﬁgﬁg t her oFlant
as described i wiGtenzedbi Gonoabaliioos, hmégaﬁcaﬂéssl%ﬁ,tm@: §Jaidi§nit:)n@§é@9rat ed
b ref erence rein.,Aternatively,.the transjtion petal may e

ixcor porat ed i Hi S e 3 ahetbr KO f&fjn ARG P ﬁil%l??ﬁc_%W%%%ﬁsl%fﬁ%
catal yst usi ng dsmwn HEBENSO imlanfi?@tg mm;ldpo%ré@@@%gp%lfygrm%%gg_ %9%)?12
exchange, inpregnat.i o co-mul | i ng, an ysi cal adm xi ng. it

exanpl gs ofrrp 2%2 zaé?)‘?lﬁlﬁ&hjo'l AT arP ST ERAeRP Ylaﬁr%r@kb%ubskd?%(?\dw hei r

met hods of prepasa@iton cam herfounse; nid %xf@é@@tté\'%ligéh% 2&%@1}5‘891&%
4,758, 419; Euro n patent nos. EP. 0 043 562, EP O 158 6; J. Phys. em

1990, vol . 94, Ipag‘glcbpl.s 6455 - BABUCh g oplc el eagmt arhkl vienldethéet e

catal ysos whi chigany e pissthdn dhe a Pr&santsd st d o ncl ude
vanadi um per oxi de conplexes fornmed by using hydroqui nones to produce

peroxi de speci es, e dFefes e rendier el avo jt31ei@tﬂmatbemlnm'{cmﬁlze§c@$rer&€)e The
Compounds. A descr Bt on o ThS ethod G Be o Tt 80 e Fins
5,912,391, incorharat éf bisedfergncahersgiuratny suitrebitenoxiatant may be
used.  Exampl es f; g3 STl RK] dA0 £ 12l 1% 9358830 el e Pyt are
15 range of 6 to 30. For example, aliphatic compounds having
an average carbon atom number in the range of from 8 to
20 (e.g., certain paraffins and/or olefins) can be
hydroxylated by the process of the invention to alcohols
having carbon atoms in the range of from 8 to 20. Where
20 the product desired is a paraffinic or cycloparaffinic
alcohol, the preferred feedstock is a paraffin or a

cycloparaffin, respectively. In a more specific example,

in the case of C15-C1g range aliphatic compounds or
C10-C12 range aliphatic compounds, the hydroxylated
25 products will be C15-Cig range alcohols or Cqp-Cyp range

alcohols, respectively.
In a preferred embodiment, catalytic distillation is

carried out in a distillation column reactor at a
temperature and pressure effective to hydroxylate the

30 paraffin while fractionating or removing the hydroxylated
product, the alcohol of the paraffin, from the oxidant
and un-reacted paraffin. The temperature in the
distillation zone of the reactor is higher than the

temperature in the catalytic zone of the reactor. The

35 temperature within the reactor is from about 50 °C,

11



10 WD 01/81284 PCT/ EPOL/ 04854 necessarily limted to, nitrous oxide,
oxygen, air, and mxtures thereof, of which nitrous oxide is especially

pref erredwoNilgigy4s oxide is a preferred oxidant for use \/p@dmligemgjsne
catal ysts. Regardl ess of the oxidant used, 5 the nolar ratio of oxidant to

aliphatic conpound is .from_ about 1:1 Jo about 100:1, preferably from

abogt 1: 1000nptpore%eo]iﬁbjr150?%lr,ol atj?o% efgga&'y”‘PFﬁnPéﬁgﬁraPlr%’O(ﬁF& ah' t![ A
In practice, t »i~da i o C o] @l chionetric
r at !Oo that wil I@e]y?elbd ?%e%%é)%&egﬁ%?tedebrggggggg%%i{/gﬂ)o%vbégieg%ger IS The

process herei n thelfayvdis dessribhes e b Teleic@nedatt @ nRandhidN$oilut,t he
process is not limted to paraffins and may be used with any saturated or
unsaturated, APRRGE T GHFOURP O Pk eF @raibl YA TRy teardoh tHomppar t he 15

range o 6 to 30Qr-HQn 98‘@@@%@&&%@%&@@%8&?%{%”6&1 average

carbon atom nunber in the range of froms8 to ., certalin paraffins
and/ or ol ef i ns)CERPTIFEL shyrlrsa/l eatteelvdnd ttHee proses paftidre eahvidmn i on to

al cohol s havi n i far 8.t 0. re 20 the
product desir ec%%a(s\cacgoqgar a éf)ir%r&c&o%%%%gggrtg{ef ill’(l)IQJCQr ﬁogrotﬁlo?rf V(Sth{et 5t ef erred
f eedst ock i s aqedmafif iprefrerablyy dopargfdn harespectiodd ng lgoimtmaye

ifi lLe, 40t 5- C18 range al i phat.ic ounds or
SCES?IClécr :)r(lggp gl%lr&fa i'c tbglot(r:rgzoﬁﬂne%,t%l%%%yed LS, lﬁgeéjp Oz'%ltprodfja:g{)es 1590 Ye

C15- C180r ange @lrcohuits tor Ci0-Gh? arangifed ioehaleparasipactdvalie ditchol
G St i11ati on CHPURNTedara Wi ALt at ure and pressur e ef fective to
hydroxyl ate the 30Tpar affdgsumt lie firactdingdd ¢ @rofRPAEIAG ith&he range
hydroxyl at ed %rr%gnu% ’otJ:[theO a2| Caqcr;nmtoOfak;[omet %aOr %ftir:,n’prferf%rgz;bqif %Xrlo?nargbout
0.5 atm to about 30 atm. Partial pressure of the feed in
15 the column is in the range of from about 0.0l atm,
preferably from 1 atm, more preferably from about 2 atm,
to about 40 atm, preferably to about 30 atm, more
preferably to about 25 atm. Inert (not reactive to the
reactants) gases, such as for example, nitrogen and argon
20 can be used to dilute the reactants to achieve a lower
partial pressure of the reactants.

The temperature and pressure can be adjusted within
the above referenced ranges by a person skilled in the
art, by taking into account the critical temperature and

25 pressure of the feedstock in such a way as to operate the
reaction zone below such supercritical temperature and
pressure. For example, for a feedstock that contains a
major amount, more preferably at least 90 weight percent,

of C15-Cqg aliphatic compounds, the hydroxylation
30 reaction is preferably carried out at the reaction zone
at a temperature in the range of about 270 °C to about

425 °C and a pressure in the range of about 5 to about
15 atm. In another example, for a feedstock that contains

a major amount, more preferably at least 90 weight

12



and un-reacted paraffin. The tenperature in the distillation zone of the
reactor is higher than the tenperature in the catalytic zone of the

react or. waoeidpdsenperature within the reactor is from abggtr/E®i/64ss4 11 WO
01/ 81284 PCT/ EPO1/ 04854 preferably from about 125 C, nore preferably from

275 C, t 4 eferably to about 425 C,_nore preferably
?lojogt)out 390 C%J%%%htéfhgipg%? %gjrﬁ)}ly?‘n © conponent s ail"féevaporl zed and
mgrate toward iywraippRic foROrLAORI G LhGLEACL AN Phid £ 1he figher poLling

conponents migrate toward the | ower portion of reactor. _
te%er ature in T9RETHRRIZPORt #bn? of emprRrattoteimn prlet erabiy ¢& dbgier than

the boili oi ¢} araf f] oJower, than the boiling point of the
al gohgi Ilggpfodllrj‘fc% Icotgcﬁ?)eo\}‘{eeﬁa%gef keépfjvg Bﬁﬁﬁﬁﬁf?oﬁnd{:g?héaﬁ%oﬁa

product 5from t koqar &f fic. adbet presstie in the colum is preferably in the

range from about 2 atmto_about 50 at referably fromabout 0.5 atm
to gbout 30 atm Party &%t e Hog t‘?éjrg%gcﬁﬁ MNP cgl dhreis in the

range of from ateuttdk 01f dit naxqieferablys § nm dyfddnmre v eferably from
about 2 atm tao aboyt 40 at preferably to about 30 atm nore preferably
to about 25 at lxlerﬁjegtie? ri%ﬂtaffie‘ét%tf i & thre refdavt @m $)akeages Atsucdnss 4 or

exanpl e, nitrogRtrtarth &fﬂ%ﬁz%%’fﬂ%,“Sf%feckafﬂllftﬁﬂ]%geﬂbro%a&tl s to

° O
achi eviga | ower partial pressure of the reactant's enperature and

pressurg can bé&Psttust®tk mikshifed the tdiroweadwier énced lrmlaqugeis dmata pemson
skilled in the o@tdan Oy takd NG 1N account the icsr:g% I teﬁ:eatb%rryé?&%t (l}L:Peztg‘r?e

pressure of the feedstock in such a wa as to oper 6 :
bel ow such supée@atocat teempeimdt Wred candhepreegsiiyest Berd exanpligyg frafe a

feedstock that GQRLAINS A £10y upward into the catalyst bed where the
oxidant contacts and reacts with the paraffin. Once in
15 the reactor, the paraffin contacts the catalyst and the
oxidant, and the paraffin is hydroxylated to form the
alcohol product of paraffin. The resulting alcohol has a
higher boiling point than paraffin, which allows for easy
separation by fractional distillation. In a specific

20 example of hexadecane as the feedstock, hexadecanol has a

higher boiling point of 344 °C than hexadecane of 287 °C,
which allows for easy separation by fractional
distillation.

The overhead taken from the distillation column

25 preferably is partially condensed to separate the un-
reacted paraffin from the un-reacted oxidant. The
partially condensed overheads are passed to an
accumulator where paraffin is collected and the gaseous
oxidant is taken off. The paraffin and the oxidant can be

30 fed back to the distillation column.

Preferably, heat generated by the hydroxylation
reaction is removed from the reactor by the reflux of the
un-reacted feedstock, allowing for isothermal operation
of the system. Regulating the heat in the reactor also

35 extends the catalyst life.
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mej or anount, nore preferably at |east 90 wei ght percent, of C15-C18

al i phatic conpounds, the hydroxylation 30 reaction is preferably carried
out at th@g@Aagigson zone at a tenperature in the range ofpcahcnsingsd C to
about 425 C and a pressure in the range of about 5 to about 15 atm 1In

anot her exanple, f C i n maj.pr, anount , nore
preferably g}[) Iea§?f%%'%\£(?gﬁ%gléaé/§%ﬁ%%zgcf M@bﬁ?@ﬁ%ﬁ%%rcent, of
GE 22 ol ot Sommemroen: aioss s isnis mbmatly,
carried out a C _

175 C to about %ﬁg(%dé%g%ge]gssﬁ?%aF nalf%erT‘PSre_’aﬁbfé B B1abIUtIBET 0 aeRAT 15
atm The paraf falcosylbenaygdes @mtodnyeddnthydird:Nel atBegt DinedProexgmple it

may be added abqve. or. the fixed bed catalyst or to the reflux as
rraieup. gAt I eas% a %%rﬁﬁ%% Tt e paraffin, preferably fromabout 10%to
10 about 100% is fRigt dl tie usactoss id’i}eadelm'kﬂidigne&{tat&ﬁ e %@%éﬁlﬁfﬁ tt bl
preferably is a gas, and is preferab ed to the reactor at a point bel ow
the catal yst bed al't'oWi™h ‘?%Fe}Ch%)H’if&Mcqld’rf 1w gREF PRkt e hea b tdst  bed

where the oxi dantcyaontaghsodnst I eacdis i Tk d g RS AL Nee NGE- i1 tjiﬁaeé he

reactor, the paraffin contacts the catalyst and the oxidant, an

paraffin is hyd B aRRF T oAt ontaiavhel ottt of2 parcifd imwethe
resul tiog al cohdrdias af NighereRAldyd "hR0I L LA RATAILJdh Y N al | ons

for easy separation by fractional distillation. In a specific exanpl e
of hexadecane &5 el et ctad urexddetidrivla maxf & cirgheruoit iy tpoiyd  of

344 C than hexadecane,ofr 8% e s o @l Qs fHr b SERATAL 1on, Dy,
he dist11 at

1
fractional distillation. The overhead taken from 1on coq umm
from any un-reacted feed. The feedstock is fed to the

reactor through line 16 above the catalyst 12 and the

15 oxidant gas is fed to reactor 10 through line 18 below
the catalyst 12. The reaction is exothermic and is
initiated by contacting the oxidant and the feedstock in
the presence of the catalyst. The hydroxylated products
will have a higher boiling point than the un-reacted

20 feedstock and the oxidant and is recovered from the
column via line 20. The temperature in the reactor below
the catalyst bed is higher than the boiling point of the
feedstock and lower than the boiling point of the
hydroxylated product to facilitate the separation of the

25 un-reacted feedstock from the hydroxylated product. Un-
reacted feedstock can be withdrawn from the reactor 10
via line 22 and added as makeup to the fresh feedstock
fed through line 16 into the reactor 10. Alternatively,
the un-reacted feedstock is allowed to reflux. The

30 oxidant is withdrawn as overhead through line 24 and
passed to a condenser 26 to separate any entrained
feedstock from the oxidant. The recovered oxidant may
then be added as makeup via line 28 to the fresh oxidant
feed.

14



25 preferably is partially condensed to separate the un- reacted paraffin
fromthe un-reacted oxidant. The partially condensed overheads are passed
to an aceuwlsatar where paraffin is collected and the gasequspoi@xdsgdant is
taken off. The paraffin and the oxidant can be 30 fed back to the
distillation columg rabl heat generated t he hydroxyl ati on
reaction is renoved ??%ﬁ%?hggréggﬁg?rgy gﬁéﬁréplgﬁ oFthg linTreggnéae

f eedst ock, al | ohag manylmodhénaatloﬁer&hyobe abdeheosystepreRagul ating the
heat in the reagﬁﬁenglso 35t§ gngs th cat% yst life. 13 WD 01/81284

PCT/ EPOL/ 04854 8" procedsteinth eﬁéé ipg hyARokPFafRisikerndl FpRREI OF
conpounds such asebpaashed ohethnsoho Wh@d@@@od@ﬁéﬂ%hags%k3838|ﬁeEQQB q5e
usef ul surfactan% L#nea; ﬁ%cohols na be produced é roxyl ati ng

li near ol efins fo Fu ﬁﬁéﬂveFPB 1aPﬁI§§PPéﬁe§0§n cehBbdhmeAt of
the present invemitongfonet havenedusti Qieh ishMQEQK¥Ba&ﬁdtﬁé'PB@ib%lng
cyclic product. distillation colum reactor 10 has a mddle portion that
contains a catafy3t™i2 and a | ower 10 portion of the reactor that contains
a conventional distillation colum 14 with a sufficient nunber of trays

to allow for the separation of the hydroxylated product from any
un-reacted feed. The feedstock is fed to the reactor through line 16 above
the catalyst 12 and the 15 oxidant gas is fed to reactor 10 through |line 18
bel ow the catalyst 12. The reaction is exothermc and is initiated by
contacting the oxidant and the feedstock in the presence of the catalyst.
The hydroxyl ated products wll have a higher boiling point than the
un-reacted 20 feedstock and the oxidant and is recovered fromthe

15



colum via line 20. The tenperature in the reactor below the catalyst bed
is higher than the boiling point of the feedstock and | ower than the

boi | i ng paigd1/seisst he hydroxyl ated product to facilitate thersapaoasion of
the 25 un-reacted feedstock fromthe hydroxyl ated product. Un- reacted
feedstock can be withdrawn fromthe reactor 10 via |line 22 and added as
makeup to the fresh feedstock fed through line 16 into the reactor 10.
Alternatively, the un-reacted feedstack isiaM ewed to reflux. The 30
oxidant is withdrawn as overhead through Iine 24 and passed to a condenser
26 to separate any entrained feedstock fromthe oxidant. The recovered
oxi dant may then hepaddedsasonpkéedpnyi:a |ine 28 to the fresh oxi dant

feed. 14 WD 01/81284 CT/EPOi/O4854 Persons of qrdinary skill in the art
wi |l recognize thatfany fba: ¥i CPF8A51Rey BB ﬁaﬂéstl%ﬁElBPe§@ﬁPmn

invention w theghcdepacbinpgikiaf bheespiibh 2BHeSEAREA08:isthe1pEesaNt
i nvention. The enbodi nent described hereinis 5 neant to be illustrative

only and shoul &6t Bé tSRER 88C/| SATEFA§SEheT| HReAEPEAL i ehiPBagari ned
in the!§0||OmﬂBQmp@hﬁﬁ”ﬁ1tE5aWCleﬁg%ggﬂ BQ%éE?Q%/Qﬂ§5§n Exbkahnk Nkée} A

process conprisin continuously contacting, in a distillation colum
reactor conpri SPREIAIPBACEESRCEANE ARdD¥JEPEYiLREAt Fand adhphakicl east one,

saturated or UBéﬁﬁHﬁﬁaegheﬁébghﬁkbeuélﬁgnHOHgQﬁ$%?ma€Qdo Qa&g@n Gat aLyst

and an oxi dant under conditions effective t oxyl at sard al I phatic
conpound t her eByipEadnénagak ﬁ?éﬁ@x?lEPéHl@noaﬁcﬁaldhalephatlc compound

in a liquid phase;

10 continuously separating said hydroxylated product
from the un-reacted aliphatic compound in the
distillation zone under conditions effective to vaporize
sald un-reacted aliphatic compound and maintain said
hydroxylated product in a liquid phase; and

15 recovering the said separated hydroxylated product
from the distillation column reactor.

2. A process as claimed in claim 1, wherein said
separating comprises fractional distillation.
3. A process as claimed in claim 1 or 2, wherein the

20 oxidant is nitrous oxide.

4. A process as claimed in anyone of claims 1-3, wherein
the aliphatic compound is an aliphatic compound having in
the range of 6 to 30 carbon atoms.

5. A process as claimed in anyone of claims 1-3, wherein

25 the feedstock contains a mixture of saturated aliphatic
compounds comprising a major amount of saturated
aliphatic compounds having carbon atoms in the range of
15 to 18.

6. A process as claimed in anyone of claims 1-3, wherein

30 the aliphatic compound is provided from a stream obtained
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mai ntaining at least a portion of said aliphatic conpound in a liquid
phase; 10 continuously separating said hydroxylated product fromthe
un-react egygadiigpsmat i ¢ conpound in the distlllaplon zone uqdﬁmgmgpﬂgn!ons
effective to vaporize said un-reacted aliphatic conpound and naintain said

hydr oxyl at ed pr ggdgt i@-@gﬂéquﬁq apd 15 re ri.ng e.sai d
sgparaged hydPo Iatgd lroduct fronltﬁg ngth a?%éﬁ gglﬁkﬁyggggtor 2. A
process as clalﬁgégpweéﬂéﬁﬁﬂPn BEeceiss .said separating conprises

fracti onal d'StW||ah'?90c%ss a rgqﬁgﬁﬁ@slﬁlghgggeln Cli@ﬂmﬁngaﬁyowgggéghn

the 20 oxidant is nitrous oxi roces cFa
clains 1-3, mheFé?nOxﬂﬁétaphpﬁ@ﬁﬁdy@@npompdlsssaa akbphati enqoapousdshavi ng

in the zange o I t rocess_as cl.aimed in anyone of
cl ai ms 153 gmhe?%?nﬁgtég %@1? ?tgc mcgﬂ?agg YR HPREGPELBE 84t ur at ed
al i phatic conpéuhagnégmprm@pdgum,napon amagnesatmsatubateqd cappphatic

conpounds havin a he range of 15 to 18. 6. A process as
chPned in anyogégg%peﬂé 58&5 %E wherein 30 the al i phatic conpound is

provi ded fron1a85tréaprob6asned cleied0ih8aRB4nPCILEPCA1 448247, f ;RBYRin
Fi scher Tropsch +RL meri sation_process. 7.

hyl |
process as clalneﬁoggséﬁgﬁﬁg of Eﬁﬁﬁsgfﬁgglﬁgélgoﬁeo%héeoﬁﬁhﬁﬁtéﬁ Espml yst

conpri sk a zeothéegaﬁdpatoheastlﬁgoﬁﬁ pebalrsebectgd EEPH&%h§a9r99Bes

consi sting of hepipum _rhodium iron, magnesium cobalt, copper
titaniunlgand |¥#%iuﬂ$ﬂ FiaRpr BeHssBhS cME?neHEﬁn UAB 0RBA of MET ai HEW1- 7,

wher ei n EUO, OFF, MTW and zeolites ITQ-1, ITQ- 2, MCM-56, MCM-49,
Z25M-48, SS7-35, SSZ-39, and PSH-3 and mixtures thereof.
9. A process as claimed in anyone of claims 1-6, wherein
15 - the oxidation catalyst is selected from the group
consisting of microporous aluminium phosphates (AlPO’s),
silica aluminium phosphates (SAPO’s), and mixtures
thereof comprising at least one metal selected from the
group consisting of Co, V, Mn, Mg, Cu, Ti, and Fe.
20 10. A process comprising:
continuously contacting, in a distillation column
reactor comprising a reaction zone and a distillation
zone, at least one, saturated or unsaturated, aliphatic
compound having carbon atoms in the range of 6 to 30 with

25 a molecular sieve catalyst and an oxidant at a

temperature in the range of about 50 °C to about 450 °C
and a partial pressure of the aliphatic compound in the
range of about 0.01 atm to about 40 atm thereby producing
a hydroxylated product, while maintaining at least a

30 portion of said aliphatic compound in a liquid phase;

continuously separating said hydroxylated product

from the un-reacted aliphatic compound in the
distillation zone under conditions effective to vaporize
said un-reacted aliphatic compound and maintain said

35 hydroxylated product in a liquid phase; and
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the oxidation catal yst conprises a zeolite selected from 10 the group
consisting of zeolite of the structural types M, MEL, FER, FAU, BEA M-S,
NES, MOR Widdbsviskh, MW  EUO, OFF, MIW and zeol i tes | TQ 1,pdTT@02/04dyEM 56,
MCM 49, ZSM 48, SSZ-35, SSZ-39, and PSH-3 and m xtures thereof. 9.
process as clainmed in anyone of clains 1-6, wherein 15 the oxidation
catalyst is selected fromthe group consisting of m croporous al um nium
phosphat es (AAPO s¥ecoseting aheansaidnesphasphatiesydSARGP1 8} edapdoalixtur es

t her eof conprl e, et al elected romthe group consisting
of Co, V, ﬁ%@& @ﬁeTﬁﬁg gﬂ Eloﬁocﬁ A 5?88£8§ conprising: continuously
contacting |n a distillation colunmm reactor conprising a reaction zone
and a distillation zone, at |east one, saturated or unsaturated, aliphatic
conmpound havi ng carbon atonms in the range of 6 to 30 with 25 a nol ecul ar
sieve catal yst and an oxidant at a tenperature in the range of about 50 C
to about 450 C and a partial pressure of the aliphatic conmpound in the
range of about 0.01 atmto about 40 atmthereby producing a hydroxyl ated
product, while maintaining at |least a 30 portion of said aliphatic conpound
in a liquid phase; continuously separating said hydroxylated product from
the un-reacted aliphatic conmpound in the distillation zone under
conditions effective to vaporize said un-reacted aliphatic conpound and
mai ntai n said 35 hydroxylated product in a liquid phase; and 17 WO

01/ 81284 PCT/ EP01/ 04854 recovering the said separated hydroxyl ated product
fromthe distillation colum reactor. 18
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